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EDITORIALS. 


Salaries of Engineering Graduates.—This is an old but a 
perpetually new question which is treated by Dean Benjamin 
in this number of the BuLLETIN. Many of the mistaken ideas 
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EDITORIALS. 


which exist in regard to salaries paid to engineers arise 
largely from two causes. 

The first is fundamental, i. e¢., a sufficient amount of time 
and careful consideration has never been given to the matter. 
The report made by the American Society of Civil Engineers 
was one of the most complete and thorough which has been 
made but it applied only to one branch of the engineering 
profession and that in the opinion of the author, contains 
more low salaries than any other. This arises in part from 
the fact that there are many civil engineers who enter muni- 
cipal, state and federal employment where tenure of office 
counterbalances to a considerable extent, the low salary which 
is paid in these positions. Again the development of the 
railroads in this country has been completed to such an ex- 
tent that the demand for this class of engineers is less than 
formerly. On the other hand engineering schools are still 
graduating a large number of young men trained in railroad 
engineering. 

The second factor and one which I believe is most impor- 
tant in conveying the mistaken idea of salaries paid to engi- 
neering graduates is that as soon as a man who is an engi- 
neering graduate secures a position such as president of a 
large manufacturing corporation, he is no longer considered 
an engineer but is ranked as a business man. If we look 
through the list of officers of railroads and manufacturing 
corporations, we find an astonishing large number of these 
men technically trained. A study such as Dean Benjamin has 
made, adds materially to our knowledge of this interesting 
subject. 


Engineering Experiment Stations.—A bill now before Con- 
gress provides for systematic support by the federal govern- 
ment of engineering experiment stations similar in scope and 
character to the agricultural experiment stations provided by 
the Hatch Act of 1887. This is, in the opinion of the author, 
an important bill which should be read and supported by 
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SOCIETY NOTES. 


everyone interested in the best interests of engineering edu- 
cation. 


THE MONTHLY LETTER. 


Do not forget the Virginia meeting, June 19-22, inclusive. 
The list of entertainments and outside functions prepared by 
the University for the entertainment of the guests indicate 
that this will be one of the most enjoyable meetings of the 
Society. If you cannot go to the meeting send a representa- 
tive. The reports of the committees are progressing nicely. 

Our membership list has passed the 1,500 mark. We have 
had a number of new institutional members during the past 
year. The Executive Committee has made a preliminary 
revision of the Constitution as ordered by the Council at the 
Ames meeting. This is being sent to Council and will later 
be printed and mailed to every member of the Society pre- 
vious to the Virginia meeting. 

The Publication Committee invites criticisms of the BuL- 
LETIN. We had one excellent criticism and suggestion last 
month. If you do not like the BuLLETIN for any reason tell 
us so; if you do like it tell others about it. 

Dean A. A. Potter, of the Kansas State Agricultural Col- 
lege and a member of the Committee on Committees, was a 
visitor at the secretary’s office recently. 


SOCIETY NOTES. 
JOSEPH A. HOLMES SAFETY ASSOCIATION. 

On March 4 representatives of eighteen national organiza- 
tions met in conference in the city of Washington and effected 
a permanent organization to be known as the Joseph A. 
Holmes Safety Association. The organizations and delegates 
are shown in the following list: 


ORGANIZATION. DELEGATE. 
1. American Institute of Mining Engineers, Mr. Hennen Jennings. 
2. American Mining Congress, Dr. David T. Day. 
3. American Federation of Labor, Arthur E. Holder. 
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. United Mine Workers of America, 
. Mining and Metallurgical Society, 
. American Society of Mechanical Engineers, 


. American Institute of Electrical Engineers, 
. American Electro-Chemical Society, 
. National Safety Council, 


. American Assn. for the Advancement of 
Science, 

. American Chemical Society, 

. Geological Society of America, 

. National Academy of Sciences, 

. American Red Cross Society, 

. American Forestry Association, 


. International Railway Fuel Association, 


. Western Federation of Miners, 
. American Society for Testing Materials, 


. Society for the Promotion of Engineering 
Education, 
. Mine Inspectors Institute of the U.S. A., 


. Smithsonian Institution, 
. United States Bureau of Mines, 


Wm. Green (not present). 

Dr. George Otis Smith. 

Genl. W. H. Bixby, for 
Dr. John A. Brashear. 

John H. Finney. 

Dr. F. G. Cottrell. 

Geo. S. Rice, for H. M. 
Wilson. 

Dr. L. C. Howard. 

s 

S. S. Voorhees. 

Dr. Joseph Hyde Pratt. 

Dr. David White. 

Major R. U. Patterson. 

Dr. P. S. Ridsdale (not 
present). 

Geo. S. Rice, for Eugene 
McAuliffe. 

Joseph D. Cannon. 

A. W. Gibbs (not pres- 
ent). 

O. P. Hood. 


J. W. Paul. 

Dr. Charles D. Walcott 
(not present). 

Van. H. Manning. 


The association is to solicit, receive, and administer funds, 
the income from which is to be used in furthering the cause 
of safety in the mining, metallurgical, and mineral industries 
by awards and medals given for notable services or heroic 
efforts in this field. 

An executive committee was formed to carry out the pur- 
poses of the organization until the next meeting on March 1, 


1917. This Committee consists of Mr. Van. H. Manning, 
President, Dr. Charles D. Walcott, First Vice-President, Mr. 
Samuel Gompers, Second Vice-President, Mr. Hennen Jen- 
nings, and Dr. John A. Brashear. This committee is em- 
powered to engage and pay a secretary, and one of the trust 
companies will act as treasurer. O. P. Hoop, Delegate. 
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SOCIETY NOTES. 


PAN-AMERICAN SCIENTIFIC CONGRESS. 


(Editor’s Note: President Hollis Godfrey, of Drexel Insti- 
tute, represented the Society at this meeting. ) 

With the exception of one day, I was present at the sessions 
of the congress during the week from January 3 to January 
8. As in most congresses, the most valuable part was in the 
relations which existed outside the meetings. Owing to 
numerous difficulties, the meetings where papers were read 
were hard to find and poorly attended. 

The one great thing that the congress did, was to bring 
about through social meetings a remarkable understanding 
of common difficulties and common problems between the 
United States and Latin America. It is quite impossible in 
the space of this report to detail the information received 
as regards Latin American conditions in industry, in engi- 
neering and in education, but if the advance in general edu- 
cation on the other members present at the meeting, as re- 
gards Latin America, was as considerable as my own, there 
is no question that the solution of new problems of the coming 
era will be materially advanced. I came back from the meet- 
ing with a different concept of labor difficulties and engineer- 
ing difficulties in Central and South America, and with a new 
concept of the relation between the secondary schools and the 
universities in Latin America. While these are not concepts 
which can be put into a report of this type, the general value 
of the reactions between the United States and Latin America 
must be great. 

Houuis Goprrey, Delegate. 

Professor Charles Lee Crandall, who has recently become 
professor emeritus of railroad engineering at Cornell Uni- 
versity, was honored by a dinner given by the Cornell Society 
of Civil Engineering. Professor Crandall is a past president 
and a charter member of the Society for the Promotion of 
Engineering Education. 

Dr. M. E. Wadsworth, of the University of Pittsburgh, was 
appointed by President Jacoby as the representative of the 
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NEW MEMBEBS. 


Society at the meeting of Joseph A. Holmes Safety First 
Association at Washington, D. C., March 4, 1916, and Mr. O. 
P. Hood, of the Bureau of Mines of Pittsburgh, was appointed 
alternate. 

President Jacoby has appointed Professor C. W. Park, Uni- 
versity of Cincinnati, as a member of the Committee No. 12, 
English. 


NEW MEMBERS. 


BrovEN, J. M., Professor of Civil Engineering, University of South 
Dakota, Vermilion, 8. D. 

Butter, G. M., Dean, Colleges of Mines and Engineering, University of 
Arizona, Tucson, Ariz. 

Coss, CoLLizr, Professor and Head of Dept. of Geology and Mineralogy, 
University of North Carolina, Chapel Hill, N. C. 

Davipson, M. W., Professor of Mechanical Engineering, University of 
South Dakota, Vermilion, S. D. 
Forman, A. H,, Assistant Professor of Experimental and Electrical 
Engineering, West Virginia University, Morgantown, W. Va. 
Goutp, F. A., Professor of Civil Engineering, James Millikin Univer- 
sity, Decatur, Tl. 

GRUNDHOEFFER, E. F., Instructor in Mechanical Engineering, Univer- 
sity of Colorado, Boulder, Colo. 

Lewis, F. J., Assistant Instructor in Civil Engineering, The Pennsyl- 
vania State College, State College, Pa. 

Mann, C. V., Instructor in Engineering Mathematics, University of 
Colorado, Boulder, Colo. 

Morrik, J. L., Supervisor, Cadet Engineer Corps, The New York Edison 
Co., New York, N. Y. 

Parker, J. C., Professor of Electrical Engineering, University of 
Michigan, Ann Arbor, Mich. 

Rew, E. A., Instructor in Electrical Engineering, University of Minne- 
sota, Minneapolis, Minn. 

THORNTON, W. M., Professor of Applied Mathematics and Dean of De- 
partment of Engineering, University of Virginia, University, Va. 

WarerMAN, I. F., Instructor in Civil Engineering, John B. Stetson 
University, DeLand, Fla. 

Wricut, C. A., Associate Professor of Electrical Engineering, Iowa 

State College, Ames, Ia. 





APPLICANTS FOR MEMBERSHIP. 


APPLICANTS FOR MEMBERSHIP. 


Exuis, C. A., Professor of Structural Engineering, University of Illinois, 
Urbana, Ill. F. H. Newell, Ira O. Baker. 

Hae, Rosert L., Superintendent, Special Research Department, Edison 
Electric Dluminating Company of Boston, Boston, Mass. H. E. 
Dyche, R. L. Glass. 

Ray, H. C., Professor of Ore Dressing, Associate Professor of Metal- 
lurgy, University of Pittsburgh, Pittsburgh, Pa. H. B. Meller, F. 
L. Bishop. 

Sr. JoHN, E. R., Designing Engineer, American Bridge Co., Pittsburgh, 
Pa. F. L. Bishop, L. H. Harris. 

Stacte, W. C. H., Assistant Professor, University of Pennsylvania, 
Philadelphia, Pa. E. L, Ingram, Wm. Easby, Jr. 

HamMonpD, H. P., Assistant Professor of Civil Engineering, The Poly- 
technic Institute of Brooklyn, Brooklyn, N. Y. Wm. J. Berry, C. 
W. Hudson. 


BOOK REVIEWS. 


The Use of the Slide Rule. By Auuan R. Cutiamore, Dean, 
College of Industrial Science, Toledo University. Keuffel 


and Esser Co. 127 Fulton St., New York, 1915. 36 pages. 

Cloth, 6 <9. Price 50 cents. 

A valuable book for the engineer and others making fre- 
quent use of the slide rule. It is well arranged for use as a 
text by instructors in technical schools. Illustrated by 


problems. 
H. E. D. 


Field Engineering. By Wuitam H. Seartzs, Member 
A.S.C.E., and Howarp CHapin Ives, Professor of Rail- 
road Engineering, Worcester Polytechnic Institute. John 
Wiley & Sons, Inc. Seventeenth edition, 1915. 4 7, 
leather, 632 pages, 148 illustrations. Vol. I text, Vol. II 
tables in one book. $3.00 net, sold separately for $2.00 
per volume. 

The first edition of Field Engineering by William H. 

Searles appeared in 1880 and since that time it has served 
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engineers both in field and in the office and has won a host of 
friends. The seventeenth edition is a complete revision of 
former editions under the joint authorship of Searles and 
Ives. The essential features of the older editions are retained 
while over 100 pages of new text and tables have been added. 
For those who desire, the tables or text may be purchased 
separately, there being some 300 pages in each volume. 
L. C. M. 


Machine Design. By Apert W. Smits, Director of Sibley 
College, Cornell University, and Guiwo H. Marx, Professor 
of Machine Design, Leland Stanford, Jr., University. John 
Wiley & Sons, Inc. Fourth edition, 1915. 69, cloth. 
500 pp. Illustrated. Price $3.00 net. 

This work has been revised, enlarged and brought up to 
date. In subject matter, the book, besides covering the usual 
subjects found in a text on machine design, also includes ex- 
positions of the related kinematic principles upon which the 


design of the various machine elements is based. The demon- 
stration of well chosen problems helps the student in applying 
the fundamental principles in the solution of practical design 
problems. 

The text is an excellent one for use in design courses which 
have not been preceded by a separate course in kinematics. 


W. R. W. 


Mechanical Drawing. By Jos. D. Pumuusps, Professor of 
Drawing and Assistant Dean, University of Wisconsin, and 
HerBert D. Orta, Instructor in Mechanical Drawing, Uni- 
versity of Wisconsin. Scott Foresman and Co. 1915. 
6X 9, cloth. Pp. 283. 


The arrangement of material in this work is somewhat 
novel, but based on the logical sequence of practical drafting 
room operations. The authors introduce their subject with a 
chapter on perspective sketching, which, as they state, is 
being more and more used in commercial practice. Ortho- 
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graphic sketching, which constitutes the next step after the 
pictorial drawing, is next taken up, followed by a chapter on 
pencil mechanical drawing. Tracing and blueprinting con- 
clude the work of the first four fundamental chapters. The 
discussion of instruments and materials which in many texts 
is introductory, is here placed where the student can refer to 
it after he has learned something about their use. The re- 
maining half of the book includes conventions, an excellent 
chapter on lettering, advanced drawing of various kinds, 
auxiliary views, pictorial projections, tables, ete. The con- 
cluding chapter is supplementary, and contains valuable sug- 
gestions for the instructor, gleaned from the practical teach- 
ing experience of the authors on the work of the text before 
its publication. The text is complete in itself and constitutes 
a good, thorough course in mechanical drawing for univer- 
sity use. C. G. C. 


COLLEGE NOTES. 


The Case School of Applied Science.—A course of lectures 


on business methods is given yearly to the Case seniors. This 
system was inaugurated because about half of the Case grad- 
uates enter the business world within fifteen years after grad- 
uation. The lectures so far this year have been ‘‘The Value 
of an Engineering Training to the Business Man,’’ by Dean 
Johnson of the New York School of Commerce; ‘‘ Business 
Correspondence,’’ by Professor Swinney of the same institu- 
tion, and ‘‘Scientific Management,’’ by Frank B. Gilbreth. 
Dean Johnson made the interesting statement that an engi- 
neering training is an adequate preparation for a business 
career. 

The broadening of the field of chemistry as a result of the 
European war was responsible this year for the choice of 
chemistry as a specialty by nearly one third of the freshman 
class. Another third elected mechanical courses; while the 
remainder decided on mining, electrical and civil in the order 
named. The course in physics has one freshman who elects 
to make it his specialty. 
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COLLEGE NOTES. 


The Case students are about to widen the scope of their 
self-government organization known as the senate. The first 
step was taken by abandoning the old method of giving repre- 
sentation by college societies, and by adopting the system 
of class representation. The seniors will have four repre- 
sentatives, the juniors, three, the sophomores, two, and the 
freshmen, one. 

Professor H. B. Dates, head of the electrical department, 
has presented the institution with a wireless set, his gift being 
the second largest outfit in the state. Its radius is from 
New York to the Mississippi River. The Case Wireless Club 
will apply for an experimental license. 

In order to stimulate the interest of the fraternities in the 
scholarship of their members, a report is compiled by the 
office and published in the student paper, giving the scholar- 
ship percentage of each fraternity. The results are worked 
out in the decimals according to a system of averages for the 
grades of each fraternity member. 


Columbia University.—Columbia University will hereafter 
confer the degree of master of science upon graduate engi- 
neering students who satisfactorily complete the graduate 
course in highway engineering. From 1911 to 1915, the 
graduate engineering students who have specialized in high- 
way engineering have been candidates for the degree of 
master of arts. 


Franklin Union.—Professor Charles E. Stewart has re- 
signed his position in charge of the gasolene engine instruc- 
tion, to accept a newly created office with the Boston Fire 
Department, as supervisor of motor apparatus. He will have 
full charge of the present motor equipment, and of the de- 
sign and construction of all new apparatus which may be 
ordered. 

At a recent meeting of Franklin Union in connection with 
the American Institute of Electrical Engineers, a lecture 
room oscillograph was demonstrated for the first time by Mr. 
Chester L. Dawes, of Franklin Union, and Mr. H. G. Crane, 
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of Harvard University. The apparatus not only showed, to 
an audience of seven hundred, the various electrical phe- 
nomena, but also recorded in light waves phonograph records, 
and a telephone greeting from the Pacific over five thousand 
miles of wire. The lecture room apparatus is an invention 
of Mr. Crane. 


University of Kansas.—During the week of March 14-18 
there was held at the university an institute for city engi- 
neers and public works officials of the state. The program 
included two or three informal lectures each day on municipal 
problems, and several hours devoted to laboratory demon- 
strations and exercises. It represents one method by which 
the municipal branch of the Civil Engineering Department 
is allying itself with the interests of the state. 

The attendance, while not large, was satisfactory, and rep- 
resented many of the most progressive cities. Visitors were 
enthusiastic and the general sentiment was in favor of con- 
tinuing the practice so as to make it an annual event. Dean 
M. 8. Ketchum, of Colorado, spoke on the sixteenth on the 
subject of ‘‘Patent Litigation.’’ 

Michigan Agricultural College—Engineering Hall and 
Engineering Shop were destroyed by fire on March 5, 1916. 
Engineering Hall was finished and occupied in the fall of 
1907. The building contained the headquarters and prin- 
cipal working space of the departments of Civil Engineering 
and Mathematics, Drawing and Design, Mechanical Engi- 
neering and Physics and Electrical Engineering. 

The Engineering Shop was constructed in 1885 in large 
part and constituted, until 1907, the headquarters and prin- 
cipal working space of the mechanical department, the depart- 
ment of drawing and design having also some space in the 
building. The other engineering departments were accom- 
modated in College hall. 

The fire loss was about $240,000, of which about $35,000, 
represented by the foundry and miscellaneous equipment of 
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the departments of mechanical engineering and physics and 
electrical engineering, was saved. 

The necessary funds for rebuilding and for equipment will 
be forthcoming as needed, and everything points with cer- 
tainty to complete resumption of all engineering work in new 
quarters with the opening of the next college year. 


The Pennsylvania State College.—A special series of lec- 
tures were given March 6-10 by Dr. F. Herbert Snow, chief 
of the Engineering Bureau of the Pennsylvania Public Service 
Commission. 

The course consisted of ten lectures on ‘‘Public Utilities’’ 
and took up: first, The Pennsylvania Utilities Law and Work 
of Commission; second, Inter-State Commerce Commission 
Railway Valuation ; third, Rate Regulation of Water, Electric 
Light, Heating and Gas Companies; fourth, Valuation of 
Public Utilities. 

The importance of valuation work to all engineers is so 
great that this series of lectures to seniors in the school of 
engineering might be considered one of the greatest oppor- 
tunities of the year. 

Mr. Snow has been given, by the School of Engineering 
with the consent of the president and the board of trustees, 
the title of ‘‘Professorial Lecturer on Public Utilities.’’ 


University of Pennsylvania.—Dr. Edgar F. Smith, provost 
of the University of Pennsylvania, and Dr. Joseph Swain, 
president of Swarthmore College, were guests of honor at the 
ninth annual dinner of the Philadelphia Section of the Asso- 
ciation of Teachers of Mathematics of the Middle States and 
Maryland, held in Houston Hall, University of Pennsylvania, 
on March 4. 

Professor C. E. Clewell, of the department of electrical 
engineering, has been appointed chairman of the Publication- 
Publicity Committee of the local section of the American In- 
stitute of Electrical Engineers. The committee will publish 
a handbook on ‘‘Uses of Electricity in Philadelphia.’’ 

H. E. Ehlers has tendered his resignation as professor of 


560 





COLLEGE NOTES. 


experimental engineering, to take effect July 1, 1916. He will 
then devote his entire time to work of the Public Service 
Commission of Pennsylvania as assistant chief of the Bureau 
of Engineering, in which capacity he has been acting during 
the summer months and during a portion of the past school 
year. 


University of Pittsburgh—Owing to the increasing de- 
mand for efficiency and coéperation in the administration and 
maintenance of public highways a short course in highway 
engineering was offered at the university for the first time 
this year. The Pennsylvania State Highway Department 
actively codperated in the course furnishing many of the 
speakers and making public much information of value to 
those engaged in highway work. 

Chief among the speakers representing the State Highway 
Department were Commissioner Robert J. Cunningham, Chief 
Engineer W. D. Uhler, Second Deputy Commissioner George 
W. Biles, Assistant Engineer S. W. Jackson, Director of 
Township Highways W. A. Wynn, Bridge Engineer Willis 
Whited and Maintenance Inspector A. N. White. 

The attendance at the course was good and was representa- 
tive as regards geographical location of those attending. 
There were many borough engineers, township supervisors, 
county engineers, etc., and their meeting together cannot but 
be of value in the later administration of their duties. 

The proceedings of the course are now in process of publi- 
cation and contain much of interest to highway engineers and 
those engaged in educational work along this line. 


Purdue University.— Arrangements have been completed with 
The Ohio State University and Purdue whereby an exchange 
of lectures by members of the school faculties will be given. 
At the present writing Professor Caldwell, dean, School of 
Electrical Engineering, O. S. U., has just completed a series 
of five lectures on alternating currents and illumination. In 
exchange Professor W. K. Hatt, dean, School of Civil Engi- 
neering, Purdue University, will deliver a series of lectures 
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to the Ohio State students in civil engineering. Also lectures 
will be exchanged with Michigan University and Purdue. 
Professor Henry E. Riggs, dean, School of Civil Engineering, 
Michigan University, who has made a study of public utility 
work, will give a series of lectures to Purdue engineering 
students on ‘‘Valuation of Public Utilities.’’ Professor D. 
D. Ewing, of the Electrical Engineering Department, will 
deliver lectures to the Michigan engineering students on 
‘*Electrification of Railways.’ 

A very interesting study of the members of all the hon- 
orary societies of Purdue has just been completed as to what 
districts their members come from. The statistics show that 
71.8 per cent. of all these members come from the cities, the 
remainder being from rural districts. It is also interesting to 
note that 66 per cent. of the students enrolled in Purdue are 
from the rural districts. Every member of Tau Beta Pi is 
from the city, and Alpha Zeta, honorary agriculture fra- 
ternity, has only 64.7 per cent. membership from rural dis- 
tricts. 


The junior classes in engineering will spend four days 
during April on their annual inspection trip to a nearby city 
to study some phase of engineering. A full report of the trip 
is made by each student, and the trip is required of all junior 
engineers. 


Throop College of Technology.—The following appoint- 
ments in the Chemistry Department for next year have re- 
cently been made, William N. Lacey, Ph.D., University of 
California, instructor in inorganic and industrial chemistry, 
Mr. James H. Ellis, of University of Chicago and Massachu- 
setts Institute of Technology, as Research Associate in Phys- 
ical Chemistry, and Ludwig Rosenstein, Ph.D., of the Uni- 
versity of California, who will become professor in inorganic 


chemistry. 
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PRELIMINARY REPORT OF COMMITTEE NO. 7. 
INSTITUTIONAL COMMITTEE. 

G. R. Chatburn, Chairman, University of Nebraska, Martin 
McCue, F. H. Constant, C. H. Crouch, Hollis Godfrey, 
H. L. Hodgkins, F. E. Ayers, Ira N. Hollis, C. L. Crandall, 
F. E. Turneaure, J. B. Hill, A. A. Potter, C. L. Cory, H. 
N. Lendall, J. G. Merrill, 8S. B. McCormick, 8. W. Beyer, 
P. F. Walker, W. 8. Rodman, J. F. Wilson, C. E. Magnus- 
son, G. M. Braune. 

The Institutional Committee respectfully recommends that 
the following be adopted as the policy of the Society: 

1. At least six weeks prior to the annual meeting the Sec- 
retary will send to each institution holding membership a 
request for the appointment of a delegate, if practicable, from 
those persons in the faculty who are members of this society, 
or, from its administrative staff. 

2. The names of institutional delegates will be published 
in the year book in connection with the names of the institu- 
tions. 

3. Three copies of the publications of the society will be 
sent to the institution, and not to the delegate. 

4. Non-member delegates will not be required to pay dues. 

5. Regular members who act as institutional delegates are 
not thereby relieved from the payment of dues. 

The Committee also recommends that the rule adopted last 
year (page 27, 1915 ProcEEepinas) namely: ‘‘The delegates 
in attendance at any meeting shall continue as members of 
the committee for one year .. .,’’ be amended by inserting 
after ‘‘delegates’’ the restrictive clause, ‘‘who are members 
of the society.’’ 


PRELIMINARY REPORT OF COMMITTEE NO. 19. 
COMMITTEE ON STATISTICS. 
A. J. Wood, Chairman, The Pennsylvania State College, G. 
L. Hosmer, J. D. Phillips, F. A. Fish. 
The committee undertook this year to secure definite in- 
formation of certain statistical studies. The committee finds 
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that many investigations of probable value to other institu- 
tions have been made and are available to those wishing to 
avoid the duplication of statistical work. 

On December 15, 1915, a questionnaire was sent to fifty- 
five representative colleges and the replies from forty-two, 
as summarized by Professor Hosmer, are presented herewith. 
The replies indicate that nearly all of the forty-two institu- 
tions have under way or have completed studies relating to 
student scholarship or are making special statistical studies. 
It is urged that the summary here presented be examined 
with care by those who desire to obtain information along the 
lines indicated. 

QUESTIONNAIRE. 


The Committee on Statistics has been asked to report to 
the Society for the Promotion of Engineering Education on 
matters covered by the following questions: 

1. What record does your college keep of the withdrawal 
of students during the year? 

2. What record does your college keep of the ratio of those 
who enter the college in any given class to those who grad- 
uate from the college? 

3. Does your college employ an alumni secretary? 

4. What are the chief duties of this secretary? 

5. What studies have been made, or are being made, of 
students’ scholarship records, either by your institution or 
by the members of your faculty? This question refers to any 
special study, as division of hours, rank and promotion, stu- 
dent organization, etc. 

6. What studies noted in your answer to question 5 are at 
the disposal of members of the Society and from whom may 
they be obtained ? 

7. What other work along the line of statistical studies is 
being made at your institution? 
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THE UNIVERSITY OF VIRGINIA—II. 


BY WALTER SHELDON RODMAN, 
Associate Professor of Electrical Engineering. 


The University of Virginia, commonly spoken of as the 
State University, is one of four state-supported institutions 
of collegiate rank. The others are the Virginia Polytechnic 
Institute, formerly the Virginia College of Agriculture and 
Mechanics Arts, or ‘‘land-grant’’ college, the Virginia Mili- 
tary Institute and the College of William and Mary. 

The University is looked upon as the logical and virtual head 
of the Virginia system of education, and in addition is widely 
known as a leader in educational matters in the South. 

The present organization for instruction comprises thirty 
distinct and independent schools. The schools are so codrdi- 
nated as to form six departments, two academic and four pro- 
fessional, or technical. 

The academic departments are 

The College, granting the following degrees: 
Bachelor of Arts. 
Bachelor of Sciences. 
Bachelor of Science in a special subject. 
Bachelor of Science in Medicine. 

The Department of Graduate Studies, with the degrees: 
Graduate in a school. 
Master of Arts. 
Master of Sciences. 
Master of Science in a special subject. 
Doctor of Philosophy. 

The professional departments are 

The Department of Law, with the degree of 
Bachelor of Laws. 

The Department of Medicine, with the degree of 
Doctor of Medicine. 
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THE UNIVERSITY OF VIRGINIA. 


The Department of Engineering, conferring the degrees: 
Civil Engineer. 
Mechanical Engineer. 
Electrical Engineer. 
Chemical Engineer. 
Mining Engineer. 
The Department of Agriculture, at present awaiting re- 
organization. 

The entrance requirements for the college, law and engineer- 
ing are the usual fourteen units. Medicine requires additional 
units of college work. 

The law course is of three years’ duration; medicine and 
engineering are of four years. Arrangements are offered 
whereby a cultural or a vocational and a professional degree 
may be obtained in five and six year courses. 

The instructional work of the regular university session re- 
quires, inclusive of examination periods, thirty-six weeks per 
year, and the session is divided into three terms, known as 
fall, winter and spring terms. 

In the academic department the following recent extensions 
are worthy of particular notice: 

The school of education is expanding rapidly and its work 
is being felt throughout the State. This school is largely con- 
cerned, in addition to regularly conducted courses of instruc- 
tion, in the more complete codrdination of the primary and 
secondary schools of the commonwealth into a complete state 
system of education from kindergarten through the university. 
To this end a great deal of time is given to the study and ad- 
justment of courses and methods of instruction and to the weld- 
ing of closer bonds between the high schools and the college. 
The formation of a strong High School Literary and Athletic 
League bids fair to lead eventually to a perfect blending of the 
educational units into a solid structure. Each year representa- 
tive teams from the high schools, for literary work such as 
declamation and debate, as well as athletic teams, arrange a 
series of elimination contests for literary and athletic suprem- 
acy. The deciding contests are held at the University and are 
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serving to familiarize the prospective students with the uni- 
versity conditions and opportunities, while at the same time 
fostering a spirit of helpful but friendly rivalry between the 
contestants from all sections of the State. 

A school of journalism has been started, under the some- 
what unique condition that a single class, 1908, has guaranteed 
the salary of the professor for some years, as a gift to Alma 
Mater. 

Renewed interest and realization of the important place of 
Latin America in future relations of this country have resulted 
in the addition of courses dealing with the language, history 
and commercial conditions of those countries. 

A recently established school of forestry with the new state 
forester as the head of the school, is now being organized, and 
for the first time in its history the State of Virginia has a 
properly qualified official to initiate and superintend scientific 
study and care of its valuable forest domain. 

The state geologist and head of the Geological Survey has 
for some time been a professor here and consequently the offices 
of both these state activities are placed at the University. 

The school of astronomy, always an important division of 
the University, has recently extended its activities and in- 
creased its working force, and is at present at work on an ex- 
tensive program of investigation in collaboration with seven 
other world observatories, including Yerkes, Mount Wilson 
and Greenwich. 

The department of law has long been recognized as one of 
the strongest in the country, and one need only scan the record 
of its graduates to see what an important influence Virginia 
has in the larger questions of law and politics of both federal 
and state government. The president of the United States, 
judges of the Supreme Court, members of the cabinet, sena- 
tors and congressmen, governors, judges of circuit and state 
courts and legislators too numerous to mention are numbered 
among the former students in law at the university. 

The department of medicine has likewise long enjoyed the 
reputation of being the leading medical school of the South, 
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and has contributed largely to the number of successful mem- 
bers of the medical profession of the country. In connection 
with the medical department is conducted the University Hos- 
pital where last year 1,348 charity patients were treated, 
representing 33,206 days of hospital treatment, this in addi- 
tion to many private patients. A nurses’ training school with 
a three-years’ course is conducted in connection with the hos- 
pital. Patients come from the surrounding sections of the 
State for miles to avail themselves of the advantages of the best 
medical and surgical attention. A dispensary is also carried 
on in the same connection, under the oversight of a director 
and drawing upon the hospital staff of doctors and nurses for 
its out-patient activities. A medical clinic is conducted, in 
the Ragged Mountain district some twenty-seven miles dis- 
tant, by the senior medical students. 

The engineering department has always been relatively 
small and for many years, naturally, its graduates were con- 
fined to mining and civil engineers. Later degree courses in 
mechanical, electrical and chemical engineering were added 
and its graduates may be found in positions of importance 
both in teaching and professional service. A special course ar- 
ranged for highway work is conducted during the winter term 
of each session. 

The University is gradually broadening its contact with the 
people of the State by means of a yearly series of extension 
lectures given by the faculty members throughout the State. 
This particular feature is now being gradually enlarged as fast 
as funds will permit in order to carry the University and its 
wealth of information to those who are unable to attend the 
formal sessions. 

In addition to the regular session, the University conducts a 
summer school of six weeks’ duration with courses for univer- 
sity credit as well as those particularly for the secondary school 
teachers of the South. The attendance at this summer session 
in 1915 numbered 1,250 from twenty-four states and terri- 
tories. 

The teaching staff of the University numbers approximately 


576 























THE UNIVERSITY OF VIRGINIA. 


120, of whom 60 are of professorial rank. In the engineering 
department there are thirty-five connected with the work of 
instruction, fifteen of professorial rank and twenty instructors 
and assistants. Some of these also are connected with the col- 
lege staff. 

For the first time in the history of the institution the matric- 
ulation at the University passed the 1,000 marked during the 
present session. In January, 1916, there had matriculated 
1,030 students from thirty-seven states, territories and foreign 
countries. Virginia furnishes 635 of the total registration. 
By departments the students are distributed as follows: 


GID». :0-0:0-:0-615-sin-s.is/p-morsinemiee orelorneeres 506 
I II 5.5. 6. sn nevpremeisesigienonners 44 
tai ece ted tans anedinsugrh aaprmeepiare, Gaye toe 248 
EY ial crcty ele Seteneea red wiles aera 115 
BRQIMONTIEG 20.60 cccccccecccccvcccese 117 


The value of grounds, buildings and equipment of the uni- 
versity is $2,227,000 and the productive funds held amount 
to $2,210,000. The gross income for 1914-15 was $344,315, 
while the expenditures for the same period were $355,000. The 
deficit of something over $10,000 was occasioned by an abnor- 
mally large charity patient expense at the hospital. 

The annual fund contributed by the State of Virginia is 
$102,500 of which $80,000 is devoted to the maintenance of the 
University and $22,500 is specifically applied to the hospital. 
The state appropriation is smaller, considering the size of the 
institution, than that of any other state institution in the 
country. On the other hand, the University of Virginia is 
unique among state institutions in having an endowment which 
yields a handsome annual income, in this case in fact a return 
greater than that contributed by the State. This endowment 
has largely acerued in the past ten years. The bequests and 
donations during 1914-15 amounted to $286,800. 

The university library, comprising the general and depart- 
mental collections, has upward of 80,000 volumes, and is rapidly 
expanding and enlarging to greater usefulness by bequest, 
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gift and purchase. It is particularly rich in Virginiana and 
Jeffersonia in addition to the standard classical and peda- 
gogical works. The engineering library in particular has been 
largely broadened in the past five years and offers now a 
very satisfactory nucleus for a working library of technical 
literature. 

The University has always been non-sectarian in its char- 
acter, yet it has complete courses in Biblical literature and 
history in its college curriculum for election ; supports a chapel 
from whose pulpit prominent clergymen of all denominations 
regularly deliver their messages to the community. Attendance 
at religious exercises is entirely optional and there is no daily 
chapel exercise. This religious freedom has had no apparent 
drawbacks, but rather the reverse perhaps. The university was 
the first in the country to establish a Y. M. C. A., and through 
the generosity of northern friends there was erected one of the 
finest and best appointed university Y. M. C. A. buildings in 
the country, Madison Hall. It is interesting also to note that 
there is a larger proportion of the student body regularly 
affiliated with the Y. M. C. A. as members than in any other 
educational institution in the country, already nearly 700 
members having signed this session. 

Just as the University is regarded as a leader in educational 
matters in the South so also is it regarded as a leader in matters 
of athletic policy. Strict adherence to amateur status is required 
and within the year the one-year rule has been inaugurated to 
apply to the major sports. Athletics at the University of Vir- 
ginia is conducted by the General Athletic Association, a regu- 
larly incorporated body, with student officers and faculty ad- 
visory members of the board. A system of alumni, non-pro- 
fessional coaching has been found to give most excellent results, 
so that the professional coach appears only for very limited 
periods and in no sport except baseball. , 

The official organ of the General Athletic Association is a 
semi-weekly paper conducted by student editors, College Topics, 
which is regarded as the guide and exponent of student opin- 
ion, using the motto, ‘‘Supreme at Virginia.’’ In addition to 
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this paper there are printed regularly the University of Vir- 
gimia Magazine and the annual Corks and Curls. 

Student activities are not confined to the athletic features, 
however. T'wo literary societies, the Jefferson and the Wash- 
ington, contribute to the literary atmosphere, offering oppor- 
tunities for the display of forensic ability and fostering the 
debate. 

A strong civic club, the Deutscher Verein, dramatic and 
glee clubs are prominent in student life. 

The fraternity atmosphere has long been a feature of the 
life here and there are more than a score of chapters of na- 
tional fraternities besides numerous local fraternities and 
honorary societies. 

In the life of the University there are three occasions of 
particular importance and interest. These are Convocation, 
Founder’s Day and Commencement. Convocation, the formal 
opening of each new session, occurs early in October and at 
this time the whole community congregates, faculty in cap 
and gown, new and old students and the townspeople. Some 
distinguished person addresses the assemblage and after greet- 
ings, statistics and the outlining of plans for the new session, 
the year is considered to be fairly launched. 

Founder’s Day, the anniversary of the birth of Thomas 
Jefferson, on April thirteenth, is the second occasion for 
formal assemblage, and again the audience listens to words of 
inspiration from some master mind, and renews its pledges of 
undying allegiance to the great Democratic founder. 

Commencement, occurring in mid-June, is the final gala 
occasion filled with mingled happiness and regret on the part 
of those who are leaving the classic halls to enter upon their 
lifework. For many years Commencement has not been at- 
tended with much of the festivities so often associated with 
this season. Largely this condition was due to the lack of any 
concerted return of alumni for the celebration. This is now 
changed, since in 1913 a wave of alumni enthusiasm was started 
by the class of 1908 which bids fair to increase in volume and 
extent, assuring a larger and larger return of alumni in suc- 
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ceeding years with all the incident gaiety and festivity that 
accompanies such reunions. 

From the student standpoint the festive occasion of the ses- 
sion is Easter Week. The fair sex from miles around flock 
to the university to attend a series of dances and games, and 
‘ for the entire week the university community is alive with 
visitors from far and near. 

Life at the University of Virginia has something about it dif- 
ferent from that at other institutions be they north or south, 
east or west. There is a subtle something, intangible in a way, 
which makes one feel here the inmost spirit of the South. The 
characteristics of student life have been summed up in terms 
of earnestness, simplicity and individuality. 

There must be reasons for this effect and probably two 
causes stand out most prominently as having been responsible 
for much of the atmosphere here encountered. The one is the 
broad elective system of studies, now so common throughout 
the country, but which originated largely here at Virginia; the 
other is the Honor System and student self-government which 
have proven so successful here for three quarters of a century. 

The elective system of studies is well known. The honor 
system as it exists and operates at Virginia is not as well under- 
stood, notwithstanding the numerous institutions throughout 
the country which have their own honor systems. 

The spirit and results of the honor system can perhaps be 
expressed no better than in the following words from an ad- 
dress delivered some years ago by the dean of the engineering 
department : 

‘‘For the graver cases of academic discipline the honor 
system has transformed the University of Virginia into what 
is in effect a gentlemen’s club. Expulsion from it is the most 
fearful penalty which can befall a young Virginian. If he 
remains at home it is to face the lifelong contempt of his social 
equals, to be debarred from every office of honor in the common- 
wealth, to be shut out of every club, to be excluded from all 
positions of trust and confidence. If he goes abroad, the 
stigma still rests upon him and to the.omnipresent Virginian 
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and all who derive their views from him the unfortunate of- 
fender is a pariah and an outcast. At long intervals offenses 
occur and are thus treated, while the unhappy wretch slinks 
off to some merciful obscurity of retirement and there buries 
his vain repentance, his blasted hopes, his ignoble fears, his 
desecrated life.’’ 
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BY C. H. BENJAMIN, 
Dean, Schools of Engineering, Purdue University. 


There is little definite information as to the incomes re- 
ceived by educated engineers after graduation from college. It 
is difficult to obtain such information, as some individuals 
object to answering questions on so private and personal a 
subject. 

In 1913 the Case Tech, a student publication at the Case 
School of Applied Science, printed an article by Mr. Chester 
K. Brooks of the class of 1908, giving statistics of incomes for 
members of that class for five years after graduation. The 
figures given are for forty-four men out of a total of seventy- 
two, or 60 per cent. The article also alludes to statistics pub- 
lished in 1911 by Professor H. B. Smith of Worcester Poly- 
technic Institute covering the incomes of one hundred and 
seventy-five graduates in electrical engineering. Further 
reference to these data will be made on another page. 

The present paper is the result of an attempt to obtain sta- 
tistics of the incomes of Purdue graduates for periods of five, 
ten and fifteen years after graduation. For this purpose, the 
classes of 1899, 1904 and 1909 were selected and letters simi- 
lar to the subjoined were sent to all living members of each 
class. 

PurDuE UNIVERSITY, 
LAFAYETTE, INDIANA, Oct. 12, 1915. 

Dear Sir: I am trying to get some authentic information as to the 
incomes of Purdue engineering graduates. I am asking you to fill out 
and mail to me the attached form as promptly as possible. I am aware 
that some will object to giving such information and have so arranged 
the form that no one but myself will know the writer. 

I prefer that you do not sign your name; merely fill out the blanks as 
accurately as you can and mail the same to me at once. Unless I get 
replies from a large majority of the class, the results will not be 
reliable. 
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Sincerely yours, 
DEAN. 
1899. 


My income from my profession for the first fifteen years after gradu- 
ation was approximately as follows: 


A-15. 


1 3 5 


10 


11 15 





The letters were thus anonymous save for a code number 
which would enable the author of the paper to identify the 
school or branch of engineering represented. 

Even with this concession to privacy only about one half of 
those addressed made any reply. The proportions were as 
follows: 























TaBLeE I. 

Total Number Per 

Class. School. Number. Pp Cent. 
1899 |Civil engineering ..................... 16 5 31 
1899 |Electrical engineering ................. 14 6 43 
1899 |Mechanical engineering................ 34 15 44 
1904 |Civil engineering...................... 30 17 57 
1904 |Electrical engineering.................. 50 25 50 
1904 |Mechanical engineering................ 55 32 58 
1909 |Civil engineering. ..................... 70 33 47 
1909 |Electrical engineering.................. 74 42 | 57 
1909 |Mechanical engineering................ 81 38 | «(47 
ae re eee 424 | 213 | 50 





It is but fair to say, however, that replies are still coming in. 
This leads to the remark that many engineering graduates take 
‘their epistolary duties very lightly. 
Tables II to IV, inclusive, give the average incomes for the 
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three classes arranged according to schools. It is to be noted 
that the general averages for each class are obtained from the 
whole number of incomes and not from the partial averages. 















































TasBLe IT. 
Class of 1899. 
Year. . s 2 3 4 5 sissies 
as etar'enia: &anakgeer 633 949 932 | 1,088 | 1,220 | 1,320 | 1,400 | 1,500 
Electrical........ §21 833 | 1,085 | 1,295 | 1,405 | 1,462 | 1,360 | 1,788 
Mechanical.......| 663 920 | 1,170 | 1,290 | 1,410 | 1,560 | 1,760 | 1,940 
__Average....... 635 | 913 | 1,110 | 1,250 | 1,325 | 1,490 | 1,620 | 1,820 
Year. e+ # rl 12 | 13 14 15 
SSRN Resaeeeey: 1,560 | 1,700 | 1,900 | 2,120 2,080 2,300 2,560 
Electrical........ 1,995 | 2,250 | 2,562 | 2,635 2,822 3,175 3,625 
Mechanical... .... 2,110 | 2,270 | 2,270 | 2,540 | 2,800 3,220 3,660 
Average....... 1,980 | 2,150 2,260 | 2,460 | 2,660 3,020 3,420 

















Note.—The average is of the whole number of incomes. 


TaBLeE ITI. 
Class of 1904, 














Year. 1 2,3] 4 5| 6/ 7| 8 9 | 10 
Civil. .............| 806 |1,035)1,190/1,460/1,690/1,890)2,070/2,460/2,560| 2,950 
Electrical.......... 645 | 863/1,095)1,290/1,495)1,770|1,910/2,180/2,270 2,590 









































Mechanical........ 690 | 875/1,020)1,210}1,410|1,630|1,820/1,985|2,180 2,450 
| j [—— 
_ Average......... 700 | 905/1,115/1,32011,51011,74011,91512,180 2,300!2,630 
TABLE IV. 
Class of 1909. 
Year. 1 2 | 3 | 4 | 5 
Civil engineering............ 850 | 1,090| 1,310 | 1,500 | 1,680 
Electrical engineering........ 725 930 1,110 | 1,300 1,520 
Mechanical engineering. ......| 825 | 940 | 1,220 | 1,520 | 1,775 
PI Sia sickness 790 | 983| 1,210 | 1,450 | 1,660 











The results are shown much more clearly by the charts to 
which reference is here made. 
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Charts 1 to 3, inclusive, give the incomes of graduates from 
the schools of civil, electrical and mechanical engineering of 
the class of 1899 for the fifteen years following graduation. 
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The black dots represent individual incomes and the open circles 
the averages for each year. On account of the small number 
of individuals involved, charts 1 and 2 are less conclusive than 
chart 3. 


















































Cuart 3. 
1899 Mechanical Engineers, 
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‘Taking them for what they are worth, these three charts 
show a wider range of salaries for the mechanical engineers 
than for either of the others. Generally speaking the incomes 
at the end of fifteen years for all engineers range from $2,000 
to $4,000 with an average of about $3,500. 

In a similar manner, charts 4, 5 and 6 show the individual in- 
comes and the averages for the class of 1904, including the ten 
years following graduation. These charts are more reliable 
than the first three as the number of individuals reporting is 
much larger, more than fifty per cent. of the whole number 
being represented. 
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As before, the mechanical engineers show the wider range 
of incomes especially during the first two years. 

The incomes of the civil engineers fall within narrower limits 
than either of the others, if we except one income. The con- 
densation during the first two years of the electrical engineers 
is probably due to the large number entering apprentice 
courses—where the salaries are more or less uniform. The in- 
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1904 Civil Engineers. 
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comes at the end of the ten years lie for the most part between 
$1,500 and $3,500 per year with an average of about $2,500. 

It is to be noted that the incomes of civil engineers are more 
evenly distributed, there being less condensation towards the 
bottom than in either of the others; this raises the average line 
for the civil engineers above those of the other two schools. 

Charts 7, 8 and 9 give the individual and average incomes of 
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CHarT 5. 
1904 Electrical Engineers. 
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CHarT 6. 
1904 Mechanical Engineers. 
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1909 Civil Engineers, 
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the class of 1909 for the five years following graduation. 
These show the widest range, 1. e., greatest diversity of incomes 
for the mechanical engineers and the most restricted range for 
the electrical engineers. There is on the whole greater di- 
versity than is shown in the charts for the class of 1904. 


CHarT 8. 


1909 Electrical Engineers. 
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The incomes at the end of five years are mainly included be- 
tween $1,000 and $2,000 per annum with an average of about 


$1,600. 


Charts 10 and 11 indicate the averages for civil, electrical 
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CHarT 9. 
1909 Mechanical Engineers. 
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and mechanical engineers in the three classes, grouped for 
comparison. 
It is interesting to note that in all these classes the averages 
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for electrical and mechanical engineers are much the same, 
while civil engineering is low in the first graph and high in the 
other two. It is difficult to explain this latter fact, to say 
whether it is due to the particular years chosen or to some dif- 
ference in the men themselves. 



























































CHarT 10. 
Class of 1899. 
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In chart 10 covering the years 1900-1914 inclusive, it will 
be seen that the lines of increase in salary are not straight but 
of double curvature, rising somewhat rapidly for four or five 
years, then at a lower rate for several years and finally rising 
with accelerated velocity. These four or five ‘‘lean years’’ 
immediately follow the year 1906 and correspond to a period 
of business depression. This fact probably explains the ir- 
regularity in the curves. The points on the two charts just 
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CuHart 11. 
Class of 1904. 
ifieo 
> 
o 
Beas 
. 
° 
2520 Md 
* ve 
° 
ol 
2222 e 
Lf 
. ° 
o|* » 
« 
” 2 
hw Ciwar el ae See 
TTS 2 
° * Mecu,|« % ° cael 
es ® Evect.|« - 
9 
lea aa z g ieee 
wo & CLASS oF 1909 
° o 150 
bf 
Sy a a a a a re a a i a 
CHarT 12. 
Average, All Engineers. 
3500 
- 
3ec4@ 2 
eo e 
2f0e 
— 
e _ 
e 7 
2249 
° 
o 
° 
x . 
iz ea a = 
7 o 1849 
°o e 
e * Oo 16 
@ 
tooo 212aR 
@ 
x 
° 
e 
Son 7 2 06+ 9 te ow ww we © 
































Ts 
593 














INCOMES OF ENGINEERING GRADUATES. 


mentioned correspond to the averages given in Tables II, ITI 
and IV. 

Chart 12 gives a summary or general average for all the in- 
dividuals in each class so as to make a comparison by years. 

Comparing the tenth year average for the classes of 1899 
and 1904, we find an increase of about $500 per annum for the 
latter, or as given in Tables II and III, an increase from 
$2,150 to $2,630 per annum, or 22 per cent. 

Making a similar comparison for the three classes at the end 
of the fifth year, the incomes are as follows: 


RSIS SEASE RS aoe ame $1,325 
pata SR Is re 1,510 
aR da tid ds setasisbaiediomae 1,660 


This is an increase of $185 per annum or 14 per cent. be- 
tween the first two classes and of $150 or 10 per cent. between 
the second two. 

The line of 1904, which is practically straight, would, if pro- 
duced, give a salary of about $3,600 at the end of fifteen years. 
The line of 1909 if produced would give salaries of $2,750 at 
the end of ten years and of $3,750 at the end of fifteen years. 
With normal conditions, it is however probable that both these 
lines would curve upward and give higher values than those 
noted. 

It is apparent that there has been a gradual increase in the 
salaries of engineers during the past fifteen years and that this 
increase is still going on. 

Chart 13 gives a partial comparison of Worcester and Pur- 
due graduates. Comparison can not be made directly because 
of differences in conditions. The curve obtained by Professor 
H. B. Smith in the investigation before noticed is a composite 
from the incomes of 175 electrical engineers graduating before 
1910. The curve with which it is compared represents an 
average of the incomes of only 26 engineers of all schools in the 
class of 1899, Purdue. There were not sufficient data for 
electrical engineers alone to warrant comparison. There is 
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however a pretty close agreement in the two curves up to the 
time of the sag in the Purdue curve for 1907-1910. 

The results obtained by Mr. Brooks for 43 members of the 
class of 1908, Case School, are considerably higher than those 
in either of the curves shown,—the average income being 
nearly $2,000 at the end of five years. 


CHartT 13, 
Purdue and W. P. I. 
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It is difficult to estimate the effect that the small percentage 
of replies may have on the results of this investigation. Some 
will claim that a partial return is apt to show too high values, 
on the ground that those who do not reply are the ones having 
small incomes. 

As far as observations go, this is not true in the present case. 
The departments from which came the smaller percentage of 
replies show lower averages than the others. This may be ac- 
cidental but it is evidence as far as it goes. The data are given 
as they were received and each one may draw his own con- 
clusions. 
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INCOMES OF ENGINEERING GRADUATES. 


No attempt has been made in this paper to differentiate the 
professions followed by the various graduates. Statistics show 
however that in the great majority of cases graduates follow 
some division of the particular branch of engineering for 
which they qualified while in college. Any attempt to sub- 
divide further the figures used in the paper would rather tend 
to promote confusion and to obscure the purpose of the inves- 
tigation. 

Summing up the results as shown in chart 12 it may be said 
that the salaries of engineering graduates of this university are 
improving from year to year and that for the five years 1909- 
1914, the line of progress may be approximately represented 
by the equation 

y = 600 + 170z 
where 
y =salary for any year, 


and 


x= number of years since graduation. 

















WHAT HAS ENGINEERING EDUCATION CON- 
TRIBUTED TO SCIENTIFIC PROGRESS 
AND INVENTION?* 


BY V. KARAPETOFF, 
Professor of Electrical Engineering, Cornell University. 


In answering this question one has to consider, not only the 
work actually done in technical colleges, but also the work of 
their graduates. The discussion is divided under the following 
topics : 

(1) Undergraduate Students. 

(2) The Practicing Engineer. 

(3) Advanced and Post-graduate Students. 

(4) Invention as a Type of Graduate Work. 

(5) The Faculty of the School of Engineering. 

1. UNDERGRADUATE STUDENTs. 

The instruction of undergraduate students in engineering 
usually has several aims, such as 

(a) To impart a systematic knowledge of the most im- 
portant types of machinery, structures, and processes in use ; 

(b) To explain the action of such machinery, structures, and 
processes in terms of physics, chemistry, and mechanics; 

(c) To enable one to design, build, develop or operate simi- 
lar structures and processes; 

(d) To give a training in applied economics, law, and social 
problems, in so far as they enter into industrial life; 

(e) To give a training in the student’s mother tongue, so 
that he may express at least his professional ideas clearly, 
forcibly, and with some elegance. 

There are other equally important sides of undergraduate 
training which are unfortunately overshadowed by routine 
professional studies or lack of time. Let a student’s mental, 

* A paper presented before the Second Pan-American Congress, Wash- 
ington, D. C., December 31, 1915. 
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moral, volitional, and physical shortcomings, deficiencies and 
inabilities be called his ‘‘valleys,’’ while the corresponding 
strong sides in his personality be called his ‘‘peaks.’’ Then 
the great educational problem, far greater for the welfare of 
the race than the mere professional training, is to fill the val- 
leys and to raise the peaks. This is a difficult problem, for it 
requires that a college give no little attention to the individual 
undergraduate, so as to remove the worst faults in his person- 
ality, and to develop his stronger propensities to a high degree. 

And yet it is precisely this kind of work that would enable 
higher institutions of learning to become more potent in indus- 
trial progress and invention. One who aspires to any place of 
prominence in such progress must satisfy at least two funda- 
mental conditions: 

He must be exceptionally gifted and well-developed in some 
one kind of work, and he must not be obviously deficient in 
any important mental, moral, or volitional quality, nor lack 
physical endurance. 

Is it not time to awaken to the fact that our industries are 
much in need of leaders in engineering, in addition to a large 
army of engineers doing routine work, and that the time to 
choose such leaders is in their undergraduate days? A few 
who show traits of mental superiority in college should be en- 
couraged not merely by high marks, prizes, and membership in 
honorary societies, but by an opportunity to exercise their 
superior abilities as designers, inventors, organizers, or scien- 
tifie investigators. A wise king gives his first-born a training 
different from that of his other children and his courtiers’ 
children, because his heir is destined for leadership. 

I know it may be said that all undergraduates in engineer- 
ing ought to undergo certain fundamental disciplines, that 
there is no short cut to success, that the best engineers must 
serve their apprenticeship, and that colleges cannot provide 
separate courses or problems for geniuses or ‘‘near-geniuses.”’ 
But I affirm that these are really minor considerations which 
should give way before the great advantage of having especi- 
ally gifted young men guided into their proper lines of ac- 
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tivity from the outset. If it is found expedient to canvass 
preparatory schools and high schools for promising athletes, 
so as to induce them to enter this or that college, how much 
more fitting it should be for institutions of learning to find, 
to preserve, and to cultivate a few who later are likely to con- 
tribute to scientific progress and invention. 

If not all technical schools can do it, at least let a few well- 
endowed and well-equipped ones make a specialty of develop- 
ing leaders in engineering. In some European countries, in 
which national defense is of particular importance, there are 
advanced military academies which are intended to develop 
special experts for the general staff. Only the best young 
officers of proven ability are admitted there; they receive a 
training for leadership, and are later appointed to positions of 
responsibility—ahead of their classmates, who have to wait 
through long years of routine life and slow advancement in 
their regiments. 

If, for instance, thermodynamics is especially easy to a stu- 
dent, and if he seems to show a quick perception and mature 
judgment in it, do not allow him to lose interest in it by re- 
quiring him to take the course with the rest of the class, doing 
all the easy problems, passing the preliminary examinations 
with a mark of 100, and perhaps finally even losing his respect 
for the subject. He may be a future Carnot, Rankine, or 
Diesel ; therefore encourage him to take a special experimental 
or theoretical investigation, in place of the course, and trust 
him to acquire the fundamentals while studying for his problem. 

This is but one of the possible ways by which young men of 
exceptional ability may be chosen and directed, under proper 
guidance, in their training for engineering leadership and for 
scientific progress and invention. A technical college that 
decides earnestly and systematically to engage in this work 
will find many ways in which gratifying results may be ac- 
complished. 

2. THE Practicinc ENGINEER. 

A teacher of engineering subjects—one who has taught for 

several years—can usually point with satisfaction to at least 
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one of his former students who is not doing routine duty, or 
striving for a lucrative commercial and managerial position, 
but is investigating some field of pure or applied science, or 
is developing some invention. How much credit is due to his 
college and his teachers for his achievements? Consider a 
piece of rare wood in an artistic piece of cabinet work. This 
piece of wood undoubtedly possessed a certain desirable fiber 
and pattern when it was chosen, but it had to undergo several 
processes in the hands of experts before its full beauty could 
be brought to light. 

So our engineer has to thank his education for several quali- 
ties which are of importance in science and invention. He has 
received a training in logical reasoning as applied to natural 
phenomena; he has been taught to experiment in physics and 
chemistry, and is familiar with engineering laboratories; he 
has had opportunity to develop manual dexterity in the shops, 
and he has been shown how to apply mathematics to practical 
problems. What is perhaps most important of all, he has left 
college with some idea of what science and invention have 
contributed in a material way to human welfare; what the 
next important problems are, and what may be the general 
method of their attack. He probably has come away with an 
inspiration to solve one or another advanced problem, and, 
under favorable circumstances, he has developed into a worthy 
laborer in the field of science and invention. 

Speaking of favorable or unfavorable circumstances after 
graduation, one is involuntarily reminded of the parable of 
the sower, the seed, and the different kinds of ground on 
which it fell. Is it not true that, after the tender care and 
generous consideration received by an undergraduate, he sud- 
denly finds himself in the rough, unfriendly atmosphere of 
factories, offices, and construction-camps, like a good seed that 
has fallen upon stony ground, or among thorns? Who knows 
how much good seed sown in technical colleges is thus choked, 
or is eaten up by birds of passage, and how many worthy 
ideals are shattered because of greed and ignorance in hand- 
ling men in our industrial life. 
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Perhaps the colleges of engineering are not altogether to 
blame if the output of scientific workers and inventors among 
practicing engineers is not so large as it ought to be. Of 
course, a strong, determined soul survives, and carries its aspi- 
rations unabated through the first few years of struggle after 
graduation. Hence the importance of a training in the funda- 
mentals of tue profession, and of a general training of the 
character, that will enable one to carry over until one finds a 
place in the world to which his talents and training entitle 
him. Nevertheless, the struggles of a young practicing engi- 
neer are often pathetic; and the heart of many a teacher over- 
flows with pity, while he watches the souls and the careers of 
some of his most beloved students who are mercilessly ground 
in this gigantic mill—of which Moloch himself turns the 
crank. 

Employers of engineers, technical and scientific societies 
and the press, manufacturers’ associations, and the local and 
national governments, these are among the powers that ought 
to do more to stimulate practicing engineers to scientific re- 
search and invention, by suggesting problems and by offering 
facilities, and in some cases rewards. An industrial society in 
Alsace each year publishes a list of engineering problems the 
solution of which is of importance to their district, and offers 
prizes for the best inventions. In this country the only lists of 
this kind that find a wide circulation among naive inventors 
are those contained in the baiting booklets of a certain type of 
patent lawyers. 


3. ADVANCED AND Post-GRADUATE STUDENTS. 

The problem of the advanced and the post-graduate student 
in engineering is quite different from that of the under- 
graduate. Here we should expect to find a mature man who 
has been out of college for at least one year, one of marked 
ability, who returns to an institution of learning in order to 
specialize in a narrow field of knowledge and to make at least 
a slight original contribution to this branch. Now and then 
such a man is found in the post-graduate departments of col- 
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leges of engineering, but in point of fact the large majority 
of post-graduate students fall short in their preparation, with 
the result that most of their time is spent in making ready for 
the advanced study or research for which they came. The 
problem is further complicated by the fact that virtually every 
post-graduate student in engineering desires to take some ele- 
mentary work in a subject for which he had no time as an 
undergraduate, or the importance of which has later dawned 
upon him. 

Another aspect of the situation which we must face is that 
those who come back for post-graduate work are by no means 
the best young engineers, nor are they those best suited for 
research. 

Young men with initiative and with the true instinct of 
engineering, capable designers, operating men, specialists in 
construction, and general ‘‘hustlers,’’ soon find congenial, if 
not lucrative, employment, and work out their own problems 
without the help of colleges. On the other hand, those who 
come for special research are sometimes men without initia- 
tive, who come back into the congenial collegiate atmosphere 
for guidance by teachers. No wonder that their theses bear 
witness to their patience rather than to theoretical or practical 
value. But perhaps many must be called in order that a few 
may be chosen who actually can contribute to the advance of 
applied science and the multiplying inventions. 

Dean James E. Creighton of the Graduate School at Cor- 
nell University sees a real danger in the fact that not enough 
men of energy and of highest intellectual endowments are 
attracted to graduate work, and he considers the problem of 
recruiting such men to be one of the most important educa- 
tional porblems that confront the universities of the country 
at the present time. The following paragraph from his re- 
port is well worth quoting: 

‘*From the students who are at present in the graduate 
schools of the country the future supply of teachers in the 
higher institutions, as well as of investigators who are to carry 
on the work of advancing knowledge, will be largely re- 
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eruited. This fact renders it of great importance, not only 
that the best opportunities should be afforded to these students 
for adequate preparation for their work but also that the 
students themselves should possess the proper natural quali- 
fications. There is a real danger at the present time that the 
profession of teaching and the work of investigation and schol- 
arship may fail to attract its fair proportion of the best brains 
of the country. This danger should be recognized and steps 
taken to meet it. It scarcely needs to be pointed out that work 
in these fields is of the greatest social importance, and that 
there is urgent need for men of energy, devotion, and the 
highest intellectual and moral endowments to carry it on. The 
question of recruiting for the graduate school, accordingly, 
is one that should occupy the attention of all who are inter- 
ested in higher education, and in social progress. The sub- 
ject is too large to be more than mentioned in this report, but 
it is perhaps the most important educational question that 
confronts the universities of the country at the present time.’’* 

While Dean Creighton has in mind all branches of knowl- 
edge taught in a large university, his words apply with equal 
force to engineering subjects, and I quote him as a warning to 
those to whom research in engineering and allied disciplines is 
dear, and who perhaps overestimate its present direct value 
to the profession. 

On the other hand, this quotation is not intended to be an 
unjust censure of the large body of graduate students who, 
with rare exceptions, apply themselves faithfully to their 
tasks. They afterwards invariably express the opinion that 
the experience has been profitable and inspiring, and that they 
wish they might come again and receive more. Thus, there 
is a great indirect value to the scientific progress in the 
endeavor of these scores of young men who annually obtain 
the master’s degree in engineering, and who thereby gain a 
much deeper insight into the methods of study and research, 
and a further inspiration through some one problem. 

* Twenty-third Annual Report by President Schurman of Cornell Uni- 
versity, 1914-15, Appendix II, p. IX. 
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It is hardly necessary or desirable at present to try to 
deter all who attempt engineering research without being fit 
for it. What is necessary is a better organization and adapta- 
tion of post-graduate work in engineering, not blindly pat- 
terned after the much older graduate research in pure sci- 
ences and in the humanities, but newly conceived so as to pro- 
mote progress in applied sciences and to facilitate invention. 
This is an age of co-operation, and the graduate work must be 
co-operative in order to be of real value. The technical prob- 
lems of the age are too large and involved to be handled even 
one at a time by a man of experience, let alone by an imma- 
ture beginner in research. 

When the United States Bureau of Mines decides to develop 
means for protection against explosions, or fire-damp in coal 
mines, or when the Department of Agriculture undertakes to 
fight some pest or parasite, it is not an individual problem 
for Smith, Jones, or Brown to solve, but the intellect, the 
knowledge and the skill of many specialists are combined, and 
while individual men may come and go, the work is carried 
on through a period of years until the problem is solved. 

In a similar way, institutions of learning which have ade- 
quate facilities for systematic research in engineering should 
encourage their graduate students to pursue along a few 
definite paths, following the same topics year after year until 
results of real value to the profession are obtained. Individual 
graduate students should contribute to this research whatever 
they can, some devising more accurate methods of measure- 
ment, some searching out what has already been written so as to 
correlate what has been done, some building or improving appa- 
ratus, and others developing a theory of the observed phenom- 
ena, or interpreting them. A good beginning in this king of 
research in engineering has been made at the University of 
Illinois, with which a State Experiment Station is connected.* 

*The following quotation is from a paper by Professor Ellery B. 
Paine, entitled ‘‘The Engineering Experiment Station of the University 
of Illinois,’’ and published in the 1915 Proceedings of the American 
Institute of Electrical Engineers, p. 2421. 
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‘‘The Engineering Experiment Station of the University of 
Illinois was established by action of the board of trustees in 
December, 1903. It was organized as one of the auxiliary 
scientific bureaus of the University. Its purposes are the 
stimulation and elevation of engineering education and the in- 
vestigation of problems of especial importance to professional 
engineers and to the manufacturing, railway, mining and in- 
dustrial interests of the state and country. The station is con- 
ducted as an institution of scientific research rather than as a 
commercial testing laboratory. Investigations are chosen 
which promise information of fundamental importance in the 
particular field. No researches are undertaken with the object 
of obtaining information of chief value to some individual or 
company. The results of the investigations, that yield data of 
scientific value, are given to the public in the form of 
bulletins. 

‘‘The control of the station is vested in the station staff, 
which consists of the director and the heads of the ten depart- 
ments of the College of Engineering. Research is made in 
architectural engineering, chemistry, ceramic engineering, civil 
engineering, electrical engineering, mechanical engineering, 
mining engineering, municipal and sanitary engineering, phys- 
ies, railway engineering, theoretical and applied mechanics. 
The investigations are conducted under the supervision of the 
staff by members of the instructional staff of the College of 
Engineering, by experiment station special investigators and 
by Experiment Station research fellows. There are 103 mem- 
bers of the instructional staff in the College of Engineering. 
They must devote the major portion of their time, while the 
university is in session, to class-room duties, but each is en- 
couraged to take an active part in some research. There are 
nine special investigators. They have no duties connected 
with student instruction but give their full time to station 
work. They are experienced and skilled research workers. 
There are fourteen research fellows. The fellows devote half 
their time to station work and half their time to study in the 
graduate school of the university. They are graduates of 
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approved technical schools and universities who have shown 
ability for experimental work. Fellows are appointed for a 
term of two years and it is expected that at the end of that 
period they will be eligible for the degree of master of science. 

‘‘The laboratories of the university are available for the in- 
vestigations of the station. In addition to the equipment used 
largely for student instruction the laboratories contain appa- 
ratus designed especially for research work.’’ 

Professor Paine emphasizes in particular the importance of 
researches which have developed into a series of investigations 
of different phases of large problems, and which have already 
led to changes in engineering practice. 

No doubt the success of this station will stimulate other 
state institutions and large privately endowed universities and 
technical colleges to organize similar centers of research and 
invention. It is to be hoped that the work in such institutions 
will be conducted on a national, or even international, scale, 
and that the needless duplication of effort and equipment, so 
deplorable in this country, will be avoided. The time is ripe 
for the representatives of graduate work in engineering to 
come together and in co-operation with representatives of pro- 
fessional societies, and of technical bureaus of cities, states, 
and the federal government, to elaborate a comprehensive co- 
operative scheme for the promotion of invention and of scien- 
tifie research in engineering. 

A commendable and promising step in the direction of a 
closer co-operation between industries and colleges of applied 
science must here be mentioned, namely, the founding of in- 
dustrial scholarships and fellowships in different technical 
schools by various manufacturing and other concerns and the 
like, for the investigation of definite practical problems. Much 
eredit in this respect is due the late Dr. R. K. Duncan, through 
whose effort such fellowships were endowed at the University 
of Kansas,* and who later co-operated in the formation of 
Mellon Institute of Industrial Research and School of Specific 
Industries in Pittsburgh. 

* Science, Vol. 35, p. 19, 1912. 
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Useful industrial investigations of a similar character are 
now carried on at the Massachusetts Institute of Technology ; 
for instance, the lately completed investigation into the com- 
parative cost of delivery by gasoline and electric trucks. In- 
dustrial work either of an immediate practical character, or 
of a semi-scientific nature that may become useful in the near 
future, is also maintained in other~institutions of learning; 
but much organizing and pioneering remains to be done before 
the standard and the amount of the engineering research in 
this country will even approach that done in Germany. 


4, INVENTION AS A TYPE OF GRADUATE WoRK. 


The results of scientific research in engineering when fol- 
lowed to their practical conclusions often lead to new or im- 
proved machinery, structures, or processes. In other words, 
theoretical investigations lead to inventions. This latter as- 
pect of technical and scientific progress has been neglected by 
colleges of engineering, and a large and fruitful field awaits 
schools which are qualified and willing to engage in teaching 
graduate students how to develop inventions. 

Perhaps one of the reasons for which invention as a disci- 
pline is not cultivated in colleges lies in the common miscon- 
ception as to the nature and place of invention in modern 
industry. Many people, who ought to know better, still think 
that an invention is a radically new and wonderful thing that 
comes like a flash out of the mind of a specially endowed being, 
that is, an inventor. In point of fact, hardly one out of a 
thousand patents granted represents a radical departure in 
apparatus or process. Most are but ‘‘new and useful improve- 
ments,’’ developed by systematic observation, logical thinking, 
and a bit of ingenuity combined with a general knowledge of 
mechanics, electricity, physics, or chemistry. We certainly 
have no right to deny such ability or knowledge in our post- 
graduate students or in the faculties of colleges of engineering. 

Patented machinery, apparatus, and merchandise, and pat- 
ented processes represent such an important element in our 
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industries, and even shape and give a peculiar character to so 
many industries, such as the manufacture of shoes, that no 
technical college may be said to serve truly the industrial 
progress of the times if it does not give its students at least 
some idea of the nature of patentable inventions, and of the 
process by which they are systematically developed. The 
federal government, which is maintaining research of a valu- 
able sort in its scientific bureaus, has of late made possible a 
number of important inventions there developed for the bene- 
fit of humanity and freely divulged for general use. Perhaps 
the inventions of Col. Squire in telephony and telegraphy, and 
the process developed by Dr. Rittman for producing more 
gasoline out of crude oil, are among the best-known. There is 
no reason why similar inventions should not come in time as a 
result of systematic post-graduate work in our institutions of 
learning. 

Another misconception in regard to inventions is that a 
patented article is one that possesses an ingenious trick which 
a man without education might accidentally discover; for in- 
stance, the much-quoted case of the eraser attached to the butt 
end of the pencil. But what about the recent production of the 
nitrogen-filled incandescent lamp, in the development of which 
some of the leading chemists and physicists of the country took 
part, at the Research Laboratory of the General Electric Com- 
pany? This new lamp represents a case where the latest 
achievements of the electron theory and of the statistical mo- 
lecular mechanics were used in the development of a useful 
practical device, and where at the same time pure theory ad- 
vanced in the very search to improve the performance of the 
lamp. 

Colleges need not think that they would be lowering their 
standards, or catering to the temporary or mercantile needs of 
industry, should their post-graduate students be working on 
useful inventions instead of wasting time on all kinds of pre- 
cise measurements, computations, or exercises which in most 
eases lead nowhere and are of use to no one. 

Some time ago a student came to me and asked me to sug- 
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gest some suitable investigation. I asked him if he could play 
the mandolin, and upon his affirmative reply I outlined a 
scheme whereby a pick could be driven by a small electric 
motor, so that a person would not have to develop the dex- 
terity of his right hand, and yet obtain an even and almost con- 
tinuous sound. He was almost offended at this suggestion, for 
he felt that he would be ashamed to tell other students the 
subject of his work. In vain did I point out the commercial 
possibilities of the scheme, and the interesting mechanical, elec- 
trical, and acoustic problems involved. He wanted a high- 
sounding name for his thesis, something like ‘‘The effect of 
traces of ytterbium upon the specific resistance of tellurium at 
the temperature of boiling praseodymium.”’ 

Finally I persuaded him to begin the work on the mandolin, 
and he was astonished at the number of most interesting and 
difficult problems, both theoretical and practical, which had to 
be solved from the very beginning. He left the college long 
before he obtained any satisfactory tone from an electrically- 
driven pick, but he told me that he learned more from this work 
than from all the college courses combined. What he really 
meant was that several laws and statements, in physics, me- 
chanics, machine design, and electricity, became clear to him 
when he applied them to the definite problem on hand. 

In only a few cases have I succeeded in persuading studerits, 
either undergraduate or post-graduate, to take up a problem 
that was in the nature of invention or of a search in the patent 
records. They were diffident, and somewhat ashamed, partly 
perhaps because they feared teasing from their classmates, and 
partly because they somehow felt that developing a practical 
improvement in apparatus was not on par with so-called 
‘*research.’’ 

It is to be hoped that this attitude will soon give place to 
a more rational view, and that we may see in connection with 
our technical schools graduate departments chiefly or exclu- 
sively devoted to a scientific and systematic development of 
inventions for the benefit of humanity at large. 

Every one agrees that inventions are stimulated by scien- 
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tific progress, but it is time to see that scientific progress is 
in turn stimulated by invention. 


5. THe Facuity or THE ScHOOL oF ENGINEERING. 

The faculties of our engineering colleges contribute to the 
progress of applied sciences in two ways: (1) as teachers who 
impart and disseminate knowledge, and inspire their students 
for further research, and (2) as original investigators and 
inventors. 

The only limit to a teacher’s usefulness and achievement in 
the first respect is his unselfish desire to serve and to inspire. 
Asertion are often made as to the lack of equipment, insuffi- 
cient number of hours allowed for a course, overcrowding of 
the curriculum, poor text books, and lack of preparation or 
interest on the part of the students. The complaints, while 
to some extent justified, are hardly sufficient, even in their 
entirety, to reduce the usefulness of a truly great teacher to 
nothing. From ancient times, through the Middle Ages and 
as late as to be within our memory, men and women flocked to 
hear great teachers, listened to them in the open air or in the 
stifling atmosphere of primitive lecture rooms, worked in dingy 
and dark laboratories, with crude apparatus, without text 
books, without much preparation, and not caring about credit 
or diplomas. We are fortunate in this age in that most of us 
teach under much more favorable conditions of sanitation, 
schedules, and apparatus. But can all these material improve- 
ments take the place of a deep, genuine, first-hand knowledge 
of the fundamentai phenomena of nature, of an originality 
and keen analysis, of a sincere love towards one’s students, of a 
life that is an example and an inspiration to them, and of elo- 
quence that is born of supreme devotion to a noble cause? 

Nor is this ideal impracticable for one who teaches the 
steam engine or the chemistry of foods. Because a teacher in 
applied science must be well informed upon the practical side 
of his profession, or because of necessity he comes in contact 
with the commercial and administrative side of the industry, 
should his soul be polluted, and should his power of spirtual 


610 





ENGINEERING EDUCATION AND PROGRESS. 


vision be limited to preparing men for subordinate positions ? 
The function of the engineer is to satisfy the material needs 
of humanity in the most perfect and economical way, so that 
more leisure may be given for all those things which the best 
men consider worth living for. The form in which these needs 
are satisfied at present may be imperfect, but this is only so 
much more reason why the teacher should prepare men in- 
spired and competent to bring light out of darkness. 

There are many other problems of the teacher of engineering 
the discussion of which would be out of place here. There 
is in this country a Society for the Promotion of Engineering 
Education, which through its various committees, its individual 
papers, and its discussions tries to elucidate and to improve 
the various aspects of instruction in engineering subjects. 

Let us, then, finally consider the direct contribution of teach- 
ers in engineering to scientific progress and invention, with 
their desire and ability for study and research. One who 
stands far from the educational world might naturally reason 
somewhat as follows: Here are teachers of engineering chosen 
for their eminent fitness to instruct young men. They have the 
fundamentals of the subject at their fingers’ tips, and they are 
supposed to teach the students to think logically, consequently 
they themselves must have fair ability in reasoning. They 
work only a few hours a day, they have about four months of 
vacation each year, and they have libraries and laboratories to 
help them in research. They talk about scientific progress, and 
they urge their students to do reading and research. Why is 
it, then, that apart from text-books and compilations, the con- 
tribution of teachers in engineering to scientific progress and 
invention is comparatively small and of no very high grade. 

I know that names may be easily quoted of professional 
teachers in civil, mechanical, electrical, mining, and chemical 
engineering, who are, or were, prominent as original investi- 
gators and important inventors. But the fact remains that if 
one looks over the files of the national engineering societies and 
the leading magazines, one finds that the most important con- 
tributions are from the pens of practicing engineers. This is 
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to be expected in so far as the description of actual structures, 
machinery, processes, and products is concerned, but in many 
eases the important contributions to the working theory are 
also made by men in engineering practice, and not by college 
professors. 

Rather than to close our eyes on this seeming anomaly, let 
us look frankly into some of the reasons for this state of affairs. 

1. A good teacher in elementary subjects is not necessarily 
an able investigator in the advanced and new parts of his sub- 
ject. At least three-quarters of the instructors and professors 
in our technical colleges do little but elementary undergradu- 
ate teaching; they hold their positions because of their knowl- 
edge of the fundamentals, their expository ability, pleasing 
personality, and clean personal life. Their direct contribution 
to scientific progress is practically nil. 

2. A number of professors in engineering and applied chem- 
istry who are learned men contribute little that is new to their 
profession because of a peculiar type of mind. Their intellects 
are critical, classifying, analyzing, and sympathetic with great 
original minds, rather than creative or prophetic. They read 
and ponder over all important original contributions to their 
subjects, they analyze the worth of these contributions, placing 
each where it belongs in the scientific progress, and they en- 
courage original thinkers by an early appreciation of their 
work, and popularize methods and results in clear articles or 
addresses. The part which such professors occupy in scientific 
progress and invention cannot be denied. We need impartial 
classifiers to separate the wheat from the chaff in the great mass 
of printed matter that appears every day. The man on the 
street, and industry, too, need them because they bring the 
recondite results of scientific research in an accessible form. 
Original investigators need them for encouragement, advice, 
and reference, and as early, patient readers of their work. 

One is reminded in this connection of the friendship be- 
tween two great musicians, Richard Wagner and Franz Liszt. 
Wagner was a bold original mind in the domain of music, an 
innovator misunderstood and not appreciated. Liszt was a 
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man of broad sympathies, and while not a genius or an original 
composer himself, he understood Wagner, admired him, helped 
him both in a pecuniary way, and by performing his works. 
It has been said by more than one student of their lives that if 
it had not been for Liszt, we should have no Wagner. 

3. The atmosphere of an average technical college, while 
propitious for study, for bibliography and compilating, or for 
purely theoretical investigations, is not as favorable for in- 
dustrial research and invention. One often meets teachers 
capable of such work, and willing to work, who, separated 
from the real problems of industry, either do nothing or waste 
their time on problems that are worthless. All agree that it 
is highly desirable for the teachers of engineering to keep in 
touch with the industries, but how to achieve this end, espe- 
cially in colleges at a distance from industrial centers, is a 
difficult problem, and one outside the scope of this paper. 

The importance of organized research and invention in col- 
leges of engineering has been pointed out. In colleges in which 
efforts of this kind will be carried on, and ample funds be 
available for experimental work, teachers who are capable of 
original research will find their true place, and will become not 
only contributors to real scientific and technical progress, but 
will also train to the same end scores of talented young engi- 
neers, physicists, and chemists. 

4. While it is true that the number of hours of actual teach- 
ing in a week is not nearly so great as the number of hours of 
work done by a practicing engineer, the work of instruction is 
much more trying and fatiguing. Moreover, a teacher has a 
number of other duties of which an outsider has no conception, 
but which take several hours of his time daily. He has to cor- 
rect numerous problems and reports, to prepare new problems 
and select data, to write or mimeograph notes and directions, 
to prepare for recitations and lectures, to arrange apparatus 
for demonstration, to keep office hours, to attend faculty meet- 
ings, to do committee work, to attend to certain administrative 
duties, to look over new text books and important contribu- 
tions in his specialty, and to answer all kinds of inquiries that 
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come from former students and from men who seek free advice. 
Many young teachers do tutoring or routine literary or com- 
mercial work to help make both ends meet; others ill-advisedly 
write text books for which often there is no real necessity and 
no market. This is especially regrettable in young instructors, 
who should train their minds early in the advanced branches of 
their profession and in research. 

Those who are familiar with the conditions say that the 
average American instructor in engineering has more routine 
duties, and more classes in a week, than his German colleague, 
and as a result is not contributing nearly so much to scien- 
tifie progress. The situation does not seem to be getting better, 
especially in the privately endowed institutions in which the 
income is not keeping pace with the expenses. And if teachers 
are to receive higher salaries, as is universally demanded and 
sometimes promised, this can be done only by reducing their 
number and by further overloading the remaining ones, or by 
reducing the number of students. 

Persistent attempts have been made of late to introduce into 
academic life the methods of ‘‘efficiency’’ borrowed from fac- 
tory management. In some institutions records have been 
compiled of the number of ‘‘hours’’ or ‘‘student-hours’’ of 
teaching done by individual instructors, as if the work were 
of the same character as drilling holes or unloading pig iron. 
In one or two cases this attitude of the authorities has led to 
an open expression of disapproval from the faculty, as being 
inimical to the higher interests of scientific progress. Efficient 
the faculties must be, and work in their specialty they must 
do most of the time, if they are to be an example to their 
students. But to measure the work of noted teachers in 
‘‘hours’’ or in ‘‘student-hours’”’ is about as reasonable as to 
measure and to compare the output of prominent artists in 
square feet of canvass. 

The author firmly believes that, after these drawbacks to 
the free and unhampered development of the members of the 
faculties of our engineering schools have been removed, profes- 
sors of engineering will take a much more prominent part and 
perhaps even take the lead in scientific progress and invention. 
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BY A. A. POTTER, 


Dean of the Engineering Division and Professor of Steam and Gas 
Engineering, Kansas State Agricultural College. 


The people of the United States, more than ever before, are 
beginning to recognize the need of research in engineering and 
in the mechanic arts. Our industries have, since the outbreak 
of the European war, been greatly inconvenienced through 
our inability to produce in this country certain materials re- 
quired in our factories and homes. Scientific research effec- 
tively applied to industrial problems has enabled certain 
European nations, with meager natural resources, to secure 
and to hold the market monopoly of many processes and 
materials which are necessary in the industries. 

With an inventive, resourceful, practical and adaptable 
people and with natural resources so abundant and diversi- 
fied, the United States should be capable of producing every- 
thing needed in industry and to compete for the markets of 
the world with the most highly organized and best trained of 
all nations. 

The effect of research has been illustrated recently in con- 
nection with the new industries for the manufacture of barium 
salts, the processes for extraction and conservation of petro- 
leum and in the electrical industries. 

Research in engineering has at all times received consider- 
able attention and much encouragement in engineering col- 
leges. Engineering teachers recognize that activity along re- 
search lines enables them to keep in touch with the progress 
of their profession, while commanding the attention of their 
students, and the respect of their associates. 

A study of the status of research activities in the leading 
countries revealed the following: 

At the present time there is a ‘‘Scheme for the Organiza- 
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tion and Development of Scientific and Industrial Research’’ 
in England for both houses of Parliament. In this ‘‘scheme’’ 
the following statement is made: ‘‘It is obvious that the or- 
ganization and development of research is a matter which 
greatly affects the public educational systems of the Kingdom. 
A great part of all research will necessarily be done in uni- 
versities and colleges which are already aided by the state, 
ete.”’ An attempt is made to establish a permanent organi- 
zation for the promotion of industrial and scientific research 
in codperation with engineering societies, universities, tech- 
nical institutions and other agencies where research can be 
carried on. 

Germany maintains special research institutions, such as: 
the ‘‘Royal Testing Station’’ where technical tests are carried 
on, the ‘‘ Artillery Stations,’’ the ‘‘Miilheim on Ruhr’’ were 
coal and coal products are tested; special stations for war 
and marine experimental work at Berlin and the ‘‘Kaiser 
Wilhelm Institute’’ at Dahlem. Considerable aid for research 
is given by the separate Prussian states to their technical 
colleges. Professors who are specialists are also employed by 
war and navy departments of the German Empire. 

Austria gives special grants to professors and technical 
schools for industrial research. A certain agreement also ex- 
ists in Austria between the Military Geographical Institute 
and certain departments of the war ministry with univer- 
sities and with technical colleges for reseafch of value to 
military, naval and other departments of the Austrian gov- 
ernment. 

In France, all universities, technical colleges and higher 
engineering schools are government institutions and as such 
are liberally supported, forming the main sources for research. 

In Sweden, all engineering officers are recruited from engi- 
neering schools as are also naval constructors and architects. 

In Russia, the Imperial Moscow Technical College receives 
from the war office $100,000 for experiments and for codpera- 
tion in training aviators. 
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In Spain, $57,000 per year is spent for industrial research 
by post-graduate students at technical schools. 

In Switzerland, the Federal Polytechnic College at Zurich 
receives about $22,000 per year for research in materials of 
construction and for fuel tests. 

Belgium spent considerable money for industrial research 
in 1914. 

The above investigation, though somewhat incomplete on 
account of the present conditions in Europe, indicates that 
research is receiving considerable attention by the leading 
governments and that the faculties and facilities of technical 
colleges are being utilized for such purposes. 

The Land Grant Colleges of the United States were estab- 
lished in each state in accordance with the so-called Morrill 
Act of 1862. ‘‘. . . to teach such branches of learning as are 
related to agriculture and the mechanic arts, . . . in order to 
promote the liberal and practical education of the industrial 
classes in the several pursuits and professions in life.’’ These 
land grant colleges are receiving liberal support from the 
federal government, as well as from their respective state 
governments, and as such are government institutions, the 
brains and equipment of which should be utilized for the 
development of the industries of the United States. 

In 1887, through the efforts of the agricultural industries 
of this country the ‘‘Hatch’’ Agricultural Experiment Sta- 
tion Act was passed, appropriating $15,000 per annum to each 
state for research in agriculture. The ‘‘Hatch’’ Act was 
followed in 1906 by the ‘‘ Adams’’ Act for further endowment 
of Agricultural Experiment Stations. By the provisions of 
this Act, each state receives at the present time additional 
$15,000 per annum, making a total appropriation from the 
Federal Government of thirty thousand dollars per annum 
to each land grant college for research of value to the agricul- 
tural industry. The effect of this appropriation is illustrated 
in the following statement by W. M. Jardine, Dean and 
Director of the Kansas Agricultural Experiment Station: 

‘*It is impossible to even approximately estimate the good 
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that has resulted to agriculture from the establishment of 
state experiment stations, which were made possible through 
the law of 1887, known as the Hatch Act. This act provided 
for the establishment of an agricultural experiment station 
by each state and territory, the money to be used to conduct 
original researches or verify experiments already made bear- 
ing upon every conceivable phase of agriculture. The estab- 
lishment of these stations has resulted in the advancement of 
agriculture exceeding in value many times the cost of main- 
taining these institutions. The date of their establishment 
really marks the beginning of the development of scientific 
agriculture in America.’”’ 

During the present session of Congress, Senator Newlands 
of Nevada introduced Senate Bill No. 4874, known as the 
‘‘Land Grant Engineering Experiment Station Bill,’’ the 
passage of which should contribute greatly towards increas- 
ing the industrial efficiency of the United States. 

By the terms of the proposed bill, there will be established 
under the direction of the land grant college in each state a 
department to be known and designated as an ‘‘engineering’’ 
or a ‘‘mechanic arts experiment station.’’ The object of 
these experiment stations will be to conduct original re- 
searches, to verify experiments and to compile data in engi- 
neering and in the other branches of the mechanic arts as 
applied to the interest of the people of the United States, and 
particularly of such as are engaged in the industries; also to 
conduct researches, investigations and experiments in con- 
nection with the production, transportation, extraction and 
manufacture of substances utilized in the application of engi- 
neering and of other branches of the mechanic arts to indus- 
trial pursuits; water supplies as to potability and economic 
distribution ; sewage purification and its ultimate inoffensive 
disposal; economic disposal of urban and manufacturing 
wastes; flood protection; architecture; road building; engi- 
neering problems connected with transportation, manufactur- 
ing and public utilities; and such other researches or experi- 
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ments bearing directly on the various industries and occupa- 
tions of the people of the United States as may in each case 
be deemed advisable, having due regard to the varying condi- 
tions, resources and needs of the people of the respective 
States. 

For the purpose of carrying out the requirements of the 
proposed bill, the federal government is asked to appropriate 
a sum of fifteen thousand dollars per annum to each state. 

In order to secure, as far as practicable, uniformity of 
methods and economical expenditure of funds in the work of 
such stations, the supervision of the proposed engineering 
experiment station bill will rest with the Secretary of Interior. 

The demand from industrial interests for experimentation 
similar to that provided in the above act, has resulted in the 
establishment of engineering experiment stations in about 
twenty states. Of these, the experiment stations at the Iowa 
and at the Pennsylvania State Colleges are receiving special 
appropriation from the state legislatures. The engineering 
experiment station at the University of [Illinois is not sup- 
ported by direct legislative appropriation, but liberal funds 
are allowed from the general budget. The engineering ex- 
periment stations of one or two other states are receiving some 
definite state support, but about fifteen land grant colleges 
are maintaining such stations without definite appropriation. 

The proposed Federal aid for systematic experimentation 
in engineering and in the other branches of the mechanic arts 
is analogous to the aid provided by the Hatch Act of 1887, 
and is for the purpose of paralleling the excellent work which 
has been carried on by the agricultural experiment stations 
in the land grant colleges. With the passage of the proposed 
bill, the engineering problems of the various states and of this 
nation will receive attention similar to that now received by 
the agricultural industries, and this should result in increas- 
ing the industrial efficiency of the United States, while broad- 
ening the field of engineering colleges. 
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HYDRAULIC LABORATORY INSTRUCTION AT 
SYRACUSE UNIVERSITY. 


BY LOUIS MITCHELL, 


Associate Professor of Civil Engineering, Syracuse University. 


Two courses of hydraulic laboratory work are given to the 
students in civil engineering in the L. C. Smith College of Ap- 
plied Science at Syracuse University. 

The exercises are so arranged that the experiments on 
gauges, orifices, weirs, pipe friction, meters, ete., are in one 
course and the efficiency tests of hydraulic machines in the 
other. 

The first course, with which this article is mainly concerned, 
requires one period of four or more hours per week from each 
student during the first semester of the junior year. The 
second course is given during the second semester of the senior 
year. 

The attempt is made to have the laboratory course in the 
junior year parallel as nearly as possible the class room course 
of three recitations a week in theoretical hydraulics. 

A very complete laboratory equipment makes possible a 
large number of experiments which are scheduled to logically 
follow the class exercises. 

As many of these experiments are given as time and condi- 
tions permit. Included in the list for the first course are: 
Determination of the unit weight of water ; calibration of plat- 
form scales; calibration of measuring pit or tank; calibration 
of pressure gauges; depth of flotation and loss of weight by 
immersion; determination of the coefficients of discharge of 
orifices ; study of the path and cross sections of jets; verifica- 
tion of the theoretical discharge under dropping head; de- 
termination of the coefficients of discharge of short tubes; 
calibration of nozzles ; calibration of weirs; calibration of Ven- 
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turi meter and manometer; friction loss in pipes; friction 
loss in hose; friction loss in bends; friction loss in artificial 
channels; rating of current meter; use of current meter in 
Onondaga Creek ; use of pitometer; dynamic action of jets. 

The plan followed is to have the experiment and the report 
written up during the same period and no work or prepara- 
tion is required outside the laboratory. 

Very definite written instructions are given for each ex- 
periment covering: Title, object, analysis, apparatus, method, 
data sheet column headings, report and conclusions. 

At the beginning of each period sufficient time is given for 
these instructions to be read over and if necessary they are 
supplemented by verbal explanation. 

All equipment used is set up and operated by the students 
under the direct supervision of the instructor. After the 
work is finished the students assist in dismantling and putting 
away the apparatus used. 

In performing the test each student is assigned something 
definite to do and as far as possible these duties are made to 
vary with each exercise. 

The original data sheets are retained by the department for 
permanent record but each student prepares a copy, so marked, 
to submit with his report. 

All computations are performed and reports written up 
in the laboratory where the instructor is available to criticize 
results and offer suggestions. Small sections facilitate the 
handling of the work and insure individual attention to each 
student. 

The proportion of time required for experimental work 
and report-writing varies, but in a four-hour period is ap- 
proximately equally divided. Occasionally it has been possi- 
ble to complete two exercises in the afternoon, and at times 
the laboratory period has extended to five hours. 

Since the work in the laboratory is arranged so that the 
principle underlying the exercise performed has been studied 
but a short time before in class, no trouble has been exper- 
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ienced in not having the students make previous preparation 
for the work. 

It is felt that the requirement whereby reports are written 
up in the laboratory is a benefit to the student in that it fixes 
a limit on the time he is required to devote to hydraulics and 
avoids any tendency to overbalance this subject in the civil 
engineering course. 

The scheme of having the laboratory work follow the class 

room course has been simplified in many respects by the fact 
that the instructor of the theoretical course in hydraulics also 
directs the work in the laboratory. 
- It has therefore been no trouble to arrange the work so 
that the subject has been studied in class before illustrated in 
the laboratory and it has also been advantageous in that points 
of general misunderstanding in the laboratory have easily been 
brought to the attention of the entire class and discussed. 

The writer believes the method to be quite satisfactory, but 
found the chief difficulty to be that occasionally the time for 
performing the experiment took up the larger part of the 
period and did not leave sufficient time for computations and 
report writing. 

This necessitated holding the work over to a period when 
time was available to finish it. 
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